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PLFURVWUXFWXUHVUHYHDOHGWKDW WKHFRPSRVLWHVKDYHGHQVHVXUIDFHZLWKRXWPLFUROHYHOFDYLWLHVGXHWRVTXHH]LQJWKH
PROWHQPHWDODQGXQLIRUPGLVWULEXWLRQRI$O2 QDQRSDUWLFOHVRQWKHDOXPLQXPJUDLQV&RPSRVLWHVZLWKOHVVHUZW
RI$O2 VKRZHGEHWWHUDQGXQLIRUPGLVWULEXWLRQRIQDQRSDUWLFOHV7KHJUDLQVL]HUHGXFHVEHFDXVHRIWKHSDUWLFOHVDFW
DVQXFOHDWLRQVLWHV WKHSDUWLFOHVL]HUHGXFHVGXHWR JRRGZHWWDELOLW\RIWKHSDUWLFOHVLQWKHPHOWE\SUHKHDWHGQDQR
SDUWLFOHV,QFDVHRIFRPSRVLWHZLWKZWQDQRSDUWLFOHVWKHIRUPDWLRQRIFOXVWHULQJHIIHFWRISDUWLFOHVLQGLIIHUHQW
UHJLRQVFRXOGEHREVHUYHG
0LFURVWUXFWXUHREVHUYDWLRQVRI7KHDWWUHDWHGVDPSOHV
)LJ  DGVKRZV WKH$DOOR\VDQGFRPSRVLWHVKDYLQJDQGZWRI$O2 UHLQIRUFHPHQWV
7KHIROORZLQJRSWLFDOPLFURVFRSH LPDJHVVKRZV WKHPLFURVWUXFWXUHRI$DQG$$O2 QDQRFRPSRVLWHV LQ
7KHDW WUHDWHGFRQGLWLRQ ZLWK;PDJQLILFDWLRQ7KHK\SRHXWHFWLFEDVHGPDWHULDOVZHUHVXEMHFWHG WR7KHDW
WUHDWPHQWFRQGLWLRQVROXWLRQWUHDWLQJDW &IRUKRXUVDQGDJHLQJDW &IRUKRXUV 7KHPLFURVWUXFWXUHV
UHYHDOHGWKDWWKHFRPSRVLWHVKDYHGHQVHVXUIDFHZLWKRXW PLFUROHYHOFDYLWLHVGXHWRVTXHH]LQJWKHPROWHQPHWDODQG
XQLIRUPGLVWULEXWLRQRI$O2 QDQRSDUWLFOHVRQWKHDOXPLQXPJUDLQV&RPSRVLWHVZLWKOHVVHUZWRI$O2 VKRZHG
EHWWHUDQGXQLIRUPGLVWULEXWLRQRIQDQRSDUWLFOHV7KHFRDUVHJUDLQVWUXFWXUHRIKHDWWUHDWHGVSHFLPHQLVGXHWRWKH
UHFU\VWDOOLVDWLRQDQGJUDLQJURZWK LVREVHUYHGE\ WKHQDQRSDUWLFOHV7KHZKLWH UHJLRQ LQ WKHPLFURVWUXFWXUH LV WKH
PDWUL[ DQG WKH JUH\ UHJLRQ LV WKH HXWHFWLF VLOLFRQ 7KH ODUJH VL]H RI WKH HXWHFWLF VLOLFRQ SKDVH ZLOO GHJUDGH WKH
VWUHQJWKRIWKHFDVWLQJ7KHVLOLFRQSKDVHLVEULWWOHVRWKHFUDFNZLOOILUVWJHQHUDWHLQVLOLFRQDQGSURSDJDWHUDSLGO\
WKURXJKWKH$O2 QDQRSDUWLFOHVWKHPDWUL[OHDGLQJWRIDLOXUH
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)LJ0LFURVWUXFWXUHLPDJHRI7KHDWWUHDWHGVDPSOHVRIWKHEDVHDOOR\DQGFRPSRVLWHV
+DUGQHVV
)LJ6KRZVWKHYDULDWLRQRI5RFNZHOOKDUGQHVVRIWKHQDQRFRPSRVLWHZLWKLQFUHDVHLQYROXPHIUDFWLRQRI
$O2 QDQRSDUWLFOHV LQ WKH$PDWUL[ ,WZDV REVHUYHG WKDWDGGLWLRQRIQDQRFRPSRVLWHVRIDQGZW
UHVXOWHG LQKLJKHUKDUGQHVV WKDQ WKH$PRQROLWKLFDOOR\EHFDXVHRIXQLIRUPGLVWULEXWLRQRI UHLQIRUFHPHQWDQG
UHVLVWDQFHWRGHIRUPDWLRQIURPWKHFHUDPLFSKDVHV%\DGGLQJDQGZWRI$O2 QDQDSDUWLFOHV
LQWKHFRPSRVLWHFDXVHGWKHSHUFHQWDJHLQFUHDVHLQKDUGQHVVYDOXHVDQGUHVSHFWLYHO\7KHFRPSRVLWH
FRQWDLQLQJRIZW$O2 VKRZHGPD[LPXPKDUGQHVVRI+5%%H\RQGRI$O2 QDQRSDUWLFOHVDGGLWLRQ
 ZWWKHWHQGHQF\ZDVGHFUHDVHGIURP+5%WR+5%GXHWRFOXVWHULQJHIIHFWRIQDQRSDUWLFOHVZLWKLQWKH
DOXPLQXPDOOR\V
)LJ9DULDWLRQRIKDUGQHVV
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7KHDWWUHDWHGVDPSOHVKDUGQHVV
)LJVKRZVWKHYDULDWLRQRI5RFNZHOOKDUGQHVVRIWKH QDQRFRPSRVLWHZLWKLQFUHDVHLQYROXPHIUDFWLRQRI
$O2 QDQRSDUWLFOHVLQWKH$PDWUL[LQKHDWWUHDWHGFRQGLWLRQ,WZDVREVHUYHGWKDWDGGLWLRQRIQDQRFRPSRVLWHV
RIZW DQG  UHVXOWHG LQ KLJKHU KDUGQHVV EHFDXVH RI XQLIRUPGLVWULEXWLRQ RI UHLQIRUFHPHQW DQG UHVLVWDQFH WR
GHIRUPDWLRQIURPWKHFHUDPLFSKDVHV7KHFRPSRVLWHFRQWDLQLQJRIZW$O2 VKRZHGPD[LPXPKDUGQHVVRI
+5%%H\RQGZWRI$O2 QDQRSDUWLFOHVDGGLWLRQZWWKHWHQGHQF\ZDVDGHFUHDVHLQWKHYDOXHIURP
+5%WR+5% EHFDXVHLQ7KHDWWUHDWPHQWPRUHDGGLWLRQRI$O2 QDQRSDUWLFOHZWQRWGLVVROYHLQVROLG
VROXWLRQDW &  &%\DGGLQJZW$O2WKHSHUFHQWDJHLQFUHDVHLQKDUGQHVVYDOXHLQ7KHDWWUHDWPHQW
LV
&RPSUHVVLYHWHVWUHVXOWVIRUDVFDVWVDPSOHV
7KHUHVXOWVRIFRPSUHVVLYHVWUHQJWKRIDVFDVWDQG00&VDPSOHVDUHVKRZQLQ)LJ7KHDGGLWLRQRIQDQR
SDUWLFOHV WR WKH $ DOOR\ VKRZHG LQFUHDVH LQ FRPSUHVVLYH VWUHQJWK LQLWLDOO\ DQG WKHQ D GHFUHDVH 7KH JUDLQ
UHILQHPHQWKDV WDNHQSODFH LQ WKHVSHFLPHQVZLWK$O2 LVGXH WR WKHIDFW WKDW WKHSDUWLFOHDFWDVQXFOHDWLRQ
VLWHVDQGWKHSUHVVXUHDSSOLHGGXULQJVROLGLILFDWLRQEUHDNXSWKHDJJORPHUDWHVZLWKUHGXFHWKHSRURVLW\&RPSRVLWH
ZLWK$O2 VKRZHGKLJKHVWYDOXHGXHWRWKH KLJKHUXQLIRUPGLVWULEXWLRQRIWKHQDQRSDUWLFOHVFRPSDUHGWRWKH
RWKHUFRPSRVLWHVVLQFHWKHSDUWLFOHDUHGLVWULEXWHGUHDVRQDEO\DWWKLV7KHDYHUDJH\LHOGFRPSUHVVLYHVWUHVV<&6
YDOXHRIWKUHHVDPSOHVLQHDFKPDWHULDOVDQGWKHFRUUHVSRQGLQJVWDQGDUG GHYLDWLRQıRIWKHPHDVXUHPHQWDUHOLVWHG
LQ7DEOH7KHUHVXOWVLQGLFDWHWKDWWKHHIIHFWLVGXHWRWKHFKDQJHLQSURSHUW\DVREVHUYHGE\WKHORZHUVWDQGDUG
GHYLDWLRQ
)LJ 9DULDWLRQRIFRPSUHVVLYHVWUHQJWKRIDVFDVWVDPSOHV
7DEOH  $YHUDJHYDOXHRIFRPSUHVVLYHVWUHVV03DDQGVWDQGDUGGHYLDWLRQ
0DWHULDOV
<&6DYHUDJH 6WDQGDUGGHYLDWLRQ
$DOOR\  
$O$O  
$O$O  
$O$O  
&RPSUHVVLYHWHVWUHVXOWVIRU7KHDWWUHDWHGVDPSOHV
7KHUHVXOWVRIFRPSUHVVLYHVWUHQJWKRIWKH $ODQGKHDWWUHDWHG+700&FRPSRVLWHV DUHDVVKRZQLQ)LJ
7KHDGGLWLRQRIQDQRSDUWLFOHVWRWKH$DOOR\VKRZHGWKHGHFUHDVHLQFRPSUHVVLYHVWUHQJWKLQLWLDOO\DQGWKHQ
DQLQFUHDVH7KHORZHUFRPSUHVVLYHVWUHQJWKDWRI$O2 QDQRSDUWLFOHVLVGXHWRWKHOHVVUHVLVWDQFHRIIHUHGE\
WKHKDUGFHUDPLFSDUWLFOHDJDLQVWWKHDSSOLHGORDGGXULQJWHVW 7KHKLJKHUVWUHQJWK LVGXHWREHWWHULQWHUIDFHERQGLQJ
FKDUDFWHULVWLFVRIWKHPDWUL[DQGWKHUHLQIRUFHPHQW/RZHUFRPSUHVVLYHVWUHQJWKDWKLJKHUZW$O2 LVGXHWR
PRUHDJJORPHUDWLRQDQGSDUWLFOHVGLGQRWGLVVROYHLQWKHVROLGVROXWLRQDW &WR &&RPSUHVVLYHZLWKZW
$O2 VKRZHG KLJKHU YDOXH GXH WR WKH KLJKHU XQLIRUP GLVWULEXWLRQ RI WKH QDQR SDUWLFOHV FRPSDUHG WR RWKHU
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FRPSRVLWHV 7KH DYHUDJH \LHOG FRPSUHVVLYH VWUHVV <&6 YDOXH RI WKUHH VDPSOHV LQ HDFK PDWHULDOV DQG WKH
FRUUHVSRQGLQJVWDQGDUGGHYLDWLRQıRIWKHPHDVXUHPHQWDUHOLVWHGLQ7DEOH7KHUHVXOWVLQGLFDWHWKHHIIHFWLVGXH
WRWKHFKDQJHLQSURSHUW\DVHYLGHQFHGE\WKHORZHUVWDQGDUGGHYLDWLRQ
)LJ 9DULDWLRQRIFRPSUHVVLYHVWUHQJWKIRU7KHDWWUHDWHGVDPSOHV
7DEOH YHUDJHYDOXHRIFRPSUHVVLYHVWUHVV03DDQGVWDQGDUGGHYLDWLRQ
0DWHULDOV <&6DYHUDJH 6WDQGDUGGHYLDWLRQ
$DOOR\  
$O$O  
$O$O  
$O$O  
'RXEOH6KHDUWHVWUHVXOWVIRUDVFDVWVDPSOHV
)LJ VKRZV WKHGRXEOH VKHDU VWUHQJWKRI WKH$$O2 QDQRFRPSRVLWHVZLWK WKUHHGLIIHUHQWZWRI
QDQR SDUWLFOHV LQ DV FDVW FRQGLWLRQ 7KH GRXEOH VKHDU VWUHQJWK LQFUHDVHGZLWK LQFUHDVH LQ DGGLWLRQ RI $O2 QDQR
SDUWLFOHV IURP  WR ZW DQG DIWHU WKDW LW VKRZHG D GHFUHDVHG WUHQG 7KH GHQVLW\ RI GLVORFDWLRQ LV YHU\ KLJK LQ
XQLIRUPO\GLVWULEXWHGVDPSOHVGXHWRKLJKLQWHUIDFLDODUHDEX\DGGLQJZWRI$O2 QDQRSDUWLFOHVGRXEOHVKHDU
VWUHQJWKLVLQFUHDVHGE\7KHLQFUHDVHLQGRXEOHVKHDUVWUHQJWKLVGXHWRPRUHXQLIRUPGLVWULEXWLRQRIQDQR
FHUDPLFSDUWLFOHVLQWKHDOXPLQXPDOOR\DQGUHVLVWDQFHRIIHUHGE\WKHKDUGFHUDPLFSDUWLFOHDJDLQVWWKHDSSOLHGORDG
GXULQJVKHDULQJ$ERYHZWRI$O2 QDQRSDUWLFOHDGGLWLRQWKHGRXEOHVKHDUVWUHQJWKVWDUWHGWRGHFUHDVHGXHWR
FOXVWHULQJHIIHFWRIQDQRSDUWLFOHVRQWKHPDWUL[DOOR\ZKLFKZHDNHQVWKHVWUHQJWKRIWKHFRPSRVLWHV
)LJ 9DULDWLRQRIGRXEOHVKHDUVWUHQJWKDVFDVWDQG7KHDWWUHDWHGVDPSOHV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'RXEOHVKHDUWHVWUHVXOWVIRU7KHDWWUHDWHGVDPSOHV
)LJ  VKRZV WKHGRXEOH VKHDU VWUHQJWKRI WKH7KHDW WUHDWHG VDPSOHVRI$$O2 QDQRFRPSRVLWHV
ZLWKWKUHHGLIIHUHQWZWRIQDQRSDUWLFOHV7KHGRXEOHVKHDUVWUHQJWKLQFUHDVHGZLWKLQFUHDVHLQDGGLWLRQRI$O2
QDQRSDUWLFOHVIURPWRZWDQGDIWHUWKDWLW VKRZHGDGHFUHDVLQJWUHQG:LWK7KHDWWUHDWPHQWWKHGRXEOHVKHDU
VWUHQJWKGHFUHDVHGGXHWRWKHZHHNLQWHUIDFHERQGLQJFKDUDFWHULVWLFVEHWZHHQWKHPDWUL[DQGUHLQIRUFHPHQW$ERYH
ZWRI$O2 QDQRSDUWLFOHDGGLWLRQWKHGRXEOHVKHDUVWUHQJWKVWDUWHGWR LQFUHDVHGXHWRWKHLQDELOLW\WRGLVVROYHLQ
VROLGVROXWLRQ
)UDFWXUHVXUIDFHRIGRXEOHVKHDUWHVW IRUDVFDVWVDPSOHV
)LJXUH VKRZVWKH6(0LPDJHRIGRXEOHVKHDUIUDFWXUHVWXGLHVRIWKH$$O2QDQRFRPSRVLWHVZLWK
WKUHHGLIIHUHQWZWRIQDQRSDUWLFOHVLQDVFDVWDQG7KHDWWUHDWHGFRQGLWLRQ%\LQFUHDVLQJWKHZWRI$O2QDQR
SDUWLFOHV UHLQIRUFHPHQW WKH IUDFWXUH VXUIDFH VKRZV WKH SUHVHQFH RI HTXLD[HG VKDOORZ GLPSOHV LQGLFDWHV WKH ORZ
GXFWLOLW\RIWKHPDWHULDOVGXHWRIUDFWXUHRIWKHUHLQIRUFLQJSDUWLFOHVSDUWLDOGHERQGLQJRISDUWLFOHPDWUL[LQWHUIDFH
DQGQXFOHDWLRQRIYRLGVJURZWKRIWKHYRLGVDQGLQLWLDWLRQRIFUDFNVLQWKHPDWUL[
)LJ 6(03KRWRJUDSKVRIGRXEOHVKHDUIUDFWXUHGVXUIDFHVRIDVFDVW D $$ODOOR\E$O $OF$O
$ODQGG$O$O
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)LJ  7KHDWWUHDWPHQW 6(0 3KRWRJUDSKVRIGRXEOHVKHDUIUDFWXUHGVXUIDFHV D $$ODOOR\E$O$OF
$O$ODQGG$O$O
$VKRZVSXUHLQWHUJUDQXODUIUDFWXUH,WKDVEHHQREVHUYHGWKDW WKHSODVWLF IORZKDVEHHQOLPLWHGZLWK
LQFUHDVH WKH FHUDPLF DGGLWLRQ RI $O2 QDQR SDUWLFOH ZKLFK UHVXOWHG LQ EULWWOH IDLOXUH RI WKH FRPSRVLWHV )RU
FRPSRVLWHZLWKZW$O2QDQRSDUWLFOHVFUHDWH WKH FOHDYDJH IDFH LVFOHDUO\ VHHQ LQ WKHDVFDVW FRQGLWLRQ LQ
)LJXUH ,WVKRZVLQWHUJUDQXODUIUDFWXUH7KHPRGHRIIUDFWXUHLVPRUHEULWWOHIUDFWXUHWKDQGXFWLOHIUDFWXUH0RUH
DGGLWLRQ RI QDQR SDUWLFOHV WKH DJJORPHUDWLRQ LV IRUPHG LQVLGH WKH PDWHULDOV WKHUHIRUH WKLV DJJORPHUDWHG QDQR
SDUWLFOHV HDVLO\ FRPHRXW LQ WKH IRUPRI FOHDYDJH IDFH IURP WKHPDWHULDOV GXULQJGRXEOH VKHDU WHVW:LWK7KHDW
WUHDWPHQWWKHGRXEOHVKHDUVWUHQJWKGHFUHDVHGGXHWRWKHZHHNLQWHUIDFHERQGLQJFKDUDFWHULVWLFV EHWZHHQWKHPDWUL[
DQG UHLQIRUFHPHQW $ERYH ZW RI $O2 QDQR SDUWLFOH DGGLWLRQ WKH GRXEOH VKHDU VWUHQJWK VWDUWHG WR VOLJKWO\
LQFUHDVH GXH WR WKH LQDELOLW\ WR GLVVROYH LQ VROLG VROXWLRQ +HUH UHGXFHG WKH FOHDYDJH IDFH LV FOHDUO\ VHHQ LQ WKH
IUDFWXUHVXUIDFHLPDJHRI7FRQGLWLRQ LQILJXUH
&RQFOXVLRQV
%DVHGRQWKHUHVXOWVREWDLQHGLQWKLVZRUNWKHIROORZLQJFRQFOXVLRQVPD\EHGUDZQ
 $O2 QDQRSDUWLFOHVFRXOGEHVXFFHVVIXOO\ LQFRUSRUDWHG LQWR OLTXLGPHWDORI$O6LK\SRHXWHFWLFDOOR\VE\
VWLUULQJWKRXJKPRUHZRUNQHHGWRGRQHWRDFKLHYHKRPRJHQRXVGLVSHUVLRQ
 ,QWURGXFLQJ$O2 QDQRSDUWLFOHVWRWKH$O6LOLTXLGPHWDOFDVWDOOR\VSURGXFHDQ LQFUHDVHLQKDUGQHVVZLWK
LQFUHDVH LQ WKH ZW RI $O2 QDQRSDUWLFOHV 7KLV LQFUHDVH LV GXH WR WKH H[LVWHQFH RI KDUG$O2 QDQR
SDUWLFOHVZKLFKDFWDVDQREVWDFOHWRWKHPRWLRQRIWKHGLVORFDWLRQLVGXHWRDGGLWLRQRIDQGZW
$O2 QDQRSDUWLFOHLQWKHDVFDVWVWDWH7KHSHUFHQWDJHRILQFUHDVHLQWKHKDUGQHVVYDOXHVDUHDQG
UHVSHFWLYHO\DQGSURGXFHDKDUGQHVVYDOXHRIZLWK7KHDWWUHDWPHQWFRQGLWLRQ
 7KH FRPSUHVVLYH VWUHQJWK RI $O2 QDQRSDUWLFOHV DGGHGZLWK $ DOOR\ LQFUHDVH DW ZW DQG WKHQ
GHFUHDVH7KHFRPSUHVVLYHVWUHQJWKLQFUHDVHLVGXHWRVLJQLILFDQWJUDLQUHILQHPHQWSUHVHQFHRIUHDVRQDEO\
GLVWULEXWLRQRIKDUGSDUWLFOH'LVORFDWLRQJHQHUDWLRQGXHWRWKHUPDOPLVPDWFKORDGWUDQVIHUIURPPDWUL[WR
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